Background: Numbers of blood leukocyte subsets are highly dynamic in childhood and differ greatly between subjects. Interindividual variation is only partly accounted for by genetic factors.
The human immune system shows high diversity in cellular composition and functional responses between subjects. Blood leukocytes in young children are highly dynamic in number and composition. [1] [2] [3] [4] [5] [6] Numbers of innate cells, such as neutrophils and natural killer (NK) cells, are higher in neonates than in children or adults 1, 5, 7 and already display dynamic changes within the first few days after birth. 1, 5, 6 B and T cells are mostly naive in infants, whereas protective immunity is gradually built up in the form of increasing numbers of memory B (Bmem) and memory T (Tmem) cells during the first 5 years of life, after which these numbers stabilize. [2] [3] [4] [8] [9] [10] [11] Recent studies have found that 25% to 50% of interindividual variation in cellular composition and functional responses were accounted for by genetic factors, 12, 13 indicating that nongenetic determinants underlie a large part of immune trait variance, 14 which will potentially have long-term effects and underlie part of the immune trait variation in adults.
To date, correlations of patterns between different immune cells are incompletely studied because of either the restricted numbers of analyzed subsets, the short-term follow-up, or the lack of longitudinal analyses correcting for intrapersonal correlations between repeated measures. Furthermore, the nongenetic determinants that drive the kinetics of each type of immune cell remain less well studied. It is likely that these involve various environmental determinants, such as maternal lifestyle, maternal immune-mediated diseases, birth characteristics, and bacterial and viral exposure in childhood. [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] Studying the effect of these nongenetic factors on the dynamics of childhood immune development requires large cohorts of healthy young children, with multiple measurements per subject.
We investigated which nongenetic factors related to the prenatal maternal lifestyle, prenatal maternal immune-mediated diseases, and birth characteristics or bacterial/viral exposurerelated characteristics influence the dynamics of blood leukocyte populations from birth until 6 years of age. This concerned a total of 62 leukocyte populations, including innate leukocyte subsets and naive T-and B-cell and Bmem and Tmem subsets.
METHODS

Study subjects
This study was embedded in the Generation R Study, a prospective population-based cohort study from fetal life until young adulthood. 25, 26 The current study focused on a subgroup of 1182 two-generation Dutch children born between August 2003 and August 2006. Peripheral blood was obtained at birth and a median age of 6, 14, 25, and 72 months. Detailed immunophenotyping was performed at 1 to 5 time points per child, resulting in a total of 2010 data points (details in the Methods section in this article's Online Repository at www.jacionline.org). Written informed consent was obtained from parents according to the Medical Ethics Committee guidelines of Erasmus MC.
Immunophenotyping
Absolute numbers of leukocytes, NK cells, T cells, and B cells were obtained with a diagnostic lyse-no-wash protocol using a BD FACSCalibur (BD Biosciences, San Jose, Calif). Six-color flow cytometry was performed to quantify 62 well-defined leukocyte populations (Table I) , which included NK cell, monocyte, granulocyte, naive and memory B (Bmem) cell, naive and memory T-cell receptor (TCR) ab 1 T-cell, and TCRgd 1 T-cell subsets (see Table E1 in this article's Online Repository at www.jacionline.org). Flow cytometric analyses were performed on an LSRII (BD Biosciences) by using standardized measurement settings (details are provided in the Methods section in this article's Online Repository). 27 
Determinants
Information on 22 dichotomized and 4 continuous determinants was obtained (Table II) . 25, 26 Six determinants were related to prenatal maternal lifestyle and evaluated by using questionnaires in the first, second, and third trimesters of pregnancy 26 : maternal age and body mass index before pregnancy, education, net household income, and smoking or alcohol use during pregnancy. Three determinants were related to prenatal maternal immunemediated diseases: data on maternal atopy were obtained by means of maternal reported questionnaires during pregnancy, 26 and serum anti-thyroid peroxidase IgG (anti-TPO) and anti-tissue transglutaminase IgA antibody levels were measured in the second trimester of pregnancy (mean 6 SD: 13.4 6 2.0 and 20.6 6 1.2 weeks, respectively). 28, 29 Information on 6 birthrelated determinants (ie, sex, gestational age [preterm birth, <37 weeks], birth 25, 26 Eleven bacterial or viral infection-related determinants were included: breast-feeding and breast-feeding duration, having siblings, antibiotics use, and presence of upper or lower respiratory tract infections in the first year of life (obtained by using questionnaires at child's age of 2, 3, 6, and 12 months), 26 Helicobacter pylori carriership at 6 years of age, and seropositivity (IgG) for cytomegalovirus (CMV), EBV, herpes simplex virus 1 (HSV-1), and varicella zoster virus at the age of 6 years. 22, 30, 31 
Statistical modeling
Linear mixed-effects analyses were performed to model leukocyte dynamics between birth and age 6 years. By including random effects in the model, this approach enabled modeling of cross-sectional data, with further improvement in accuracy by incorporating longitudinal follow-up data from individual children. To capture the trend in the data more precisely, the age of the children was included as a natural spline with different knots (0-3 knots) into the models. Basically, the number of knots is inversely related to the smoothness of the curve. Positions of the knots were defined as the 50th percentile (25.5 months) in the 1-knot model and the 33rd and 66th percentiles (14.1 and 70 months) in the 2-knot model. The knots in the 3-knot model were defined manually at 6, 14, and 24 months, focusing around the time points of data measurement. Model selection was performed by using the likelihood ratio test.
Next, for each leukocyte population, the effect of all 26 determinants on the models was assessed by first adding each determinant univariably into the model and analyzing fixed-effects estimates. To correct for potential multiple testing errors, a correction for the 4 groups of determinants was performed, and consequently, only determinants with an effect P value of less than .0125 were defined as significant. Subsequently, for each leukocyte population, the determinants with a significant effect (< _3 determinants were significant per model) were combined in a multivariable model to correct for possible confounding effects. Finally, to test whether changes in leukocyte dynamics over time (from birth until 6 years) induced by the determinant of interest was most noticeable at a specific age interval, the individual determinants were tested in relation to the age of the children in a multivariable model. The P value for significance for the multivariable analyses was less than .05. Statistical analyses were performed with R software (version R-3.2.1; details are provided in the Methods section in this article's Online Repository). 32 
Clustering analyses
The modeled data of each population were normalized into zero means and unit SDs (z score) to cluster patterns of leukocyte subset kinetics by using the following calculation:
Population size ðat month xÞ 2Average population size ðat months 0276Þ SD of population size ðat months 0276Þ
The normalized leukocyte models were subsequently clustered by using agglomerative (bottom-up) Ward hierarchic clustering at each step, clustering 2 clusters with minimum between-cluster distance by using the Euclidean distance measure. 
RESULTS
Linear mixed-effects modeling of leukocyte subset cell numbers versus child's age
To study the dynamics of blood immune cells in young children, we quantified cell numbers of 11 leukocyte subsets in 1182 children between birth and 76 months (6 years) of age. Statistical modeling showed that the numbers of 4 innate leukocyte subsets (ie, monocytes, neutrophils, eosinophils, and NK cells) were high at birth, quickly decreased within the first 6 months of age, and subsequently remained stable (Fig 1, A) . Naive B-and T-cell numbers strongly increased after birth, peaked between 6 and 14 months of age, and subsequently decreased to stable levels around the age of 2 to 6 years (Fig 1,  B) . Bmem and Tmem cell numbers slowly increased within the first 6 to 14 months of life, after which numbers decreased marginally and stabilized from approximately 3 years onward (Fig 1, B) . Total TCRgd 1 T-cell numbers increased until 6 months and remained quite stable at these levels (Fig 1, C) .
Distinct dynamics of innate leukocytes and naive and Bmem and Tmem cells
To evaluate whether functionally related immune populations would follow similar dynamics with increasing age, we extended our analysis in the same children to 62 leukocyte subsets based on recent insights into naive B-and T-cell and Bmem and Tmem subsets (Table I and Table E2 in this article's Online Repository at www. jacionline.org). 24, 33 Hierarchical clustering of all 62 leukocyte populations resulted in 4 distinct clusters of leukocyte dynamics (Fig 2, A) . Cell numbers of all populations in the first cluster were high at birth, followed by a sharp decrease within the first 6 months of life, after which they stabilized (Fig 2, B) . This cluster exclusively contained innate leukocyte subsets. All defined innate leukocyte subsets clustered within cluster 1, except for the intermediate monocytes.
The populations in cluster 2 strongly increased shortly after birth and peaked before 14 months of age, followed by a longterm gradual decrease. Cluster 2 included the 3 major naive lymphocyte subsets (CD4 (Table I ). The resulting clusters showed similar dynamics (Fig 2,  B , and see Fig E6 , B, in this article's Online Repository at www. jacionline.org), with only 3 populations (nonclassical monocytes, CD8
1 late T EMRO cells, and CD8 1 late T EMRA cells) assigned to a different cluster, indicating that the overlapping populations did not overtly skew our clustering approach. Thus functionally related populations, as well as populations with phenotypic overlapping definitions, displayed similar dynamics in early childhood.
Associations between nongenetic factors and leukocyte subset dynamics in the 4 clusters
The Bmem and Tmem subsets showed large interindividual variation in dynamics of cell numbers (Fig 1) . To study the effects of external factors, we analyzed 6 maternal lifestylerelated and 3 maternal immune-related determinants, 6 birth characteristics, and 11 bacterial/viral exposure2related determinants (Table II) . Twelve of these 26 determinants showed a significant association with the dynamics of 1 or more of the 62 leukocyte populations after multivariable correction (Table  II) . Bacterial/viral exposure2related determinants were more frequently found to affect cell numbers in clusters 2, 3, and 4 than in cluster 1 (Fig 3, A and B) .
In cluster 1 a low maternal education level was associated with a reduction in the patterns of eosinophils and classical monocytes (Fig 4) . Female sex was associated with a significant increase in the pattern of neutrophils and the phenotypically overlapping CD15 1 granulocyte population. Having more than 1 sibling was associated with a reduction in NK cell numbers, and CMV infection was associated with an increase in NK cell numbers. Antibiotic use in the first year of life was associated with an increase in nonclassical monocytes. Overall effect estimates and associations of effects with specific age intervals are presented in Table E3 in this article's Online Repository at www.jacionline. org.
In cluster 2 none of the determinants included in our study affected the patterns of more than 25% of the populations (Fig 3,  C and D) . However, female sex was associated with an increase in the patterns of CD4 1 naive and T CM cells and, consequently, in the phenotypically overlapping CD4
1 TCRab 1 and total CD4 1 T cells. Although breast-feeding for more than 6 months was associated with a reduction in the pattern of total IgA 1 and CD27
2
IgA
1 Bmem cells, H pylori carriership was associated with an increase in these populations. Furthermore, H pylori carriership was associated with an increase in total Igk 1 B-cell and TCRab 1 T-cell counts. CMVand EBV were both associated with an increase in the strongly related total and TCRab
1
CD8
1 T-cell numbers, and CMV was associated with an increase in Vd1 1 Tcell numbers. HSV-1 seropositivity was associated with a decrease in the large population of naive B cells and, consequently, with total B cells and Igk 1 and Igl 1 B-cell subsets. In cluster 3 CMV and EBV seropositivity were significantly associated with changes in dynamics of greater than 40% of subsets (Fig 3, C , and see Table E3 ). Both viruses were associated with an increase in CD8 1 late T EMRO and T EMRA cells were still present in the analysis of 31 nonoverlapping population, even though these were now included in cluster 4 (Fig 3, D) .
In cluster 4 sex, premature rupture of membranes, CMV, and EBV were significantly associated with changes in dynamics of 40% of the subsets (Fig 3, C and D, and see Table E3 ). Female sex was associated with an increase in the patterns of CD27 1 early T EMRO cell numbers. Altogether, we identified multiple determinants that had a significant effect on the dynamics of leukocyte subset numbers within 1 or more of the 4 distinct age-related patterns. Still, considerable variation of effects could be observed within individual clusters.
Effects of nongenetic factors on leukocyte dynamics within distinct leukocyte lineages
Because clusters 2, 3, and 4 each contained various B-and Tcell populations, each with distinct humoral or cellular functions, we next studied the effects of the 26 determinants on patterns of individual leukocyte lineages.
Within the B-cell lineage, low maternal educational level was associated with a reduction in the patterns of total Bmem cells (Fig 4) . Female sex was associated with an increase in the patterns of CD27 
Vg9
1 T-cell Table I .
counts, and CMV infection was associated with an increase in the pattern of Vd1 1 T cells.
DISCUSSION
Here we modeled the kinetics of 62 leukocyte subsets and identified distinct patterns of cell numbers in the first 6 years of life for innate leukocytes, naive B and T cells, and Bmem and Tmem cells. Unsupervised clustering revealed that leukocyte dynamics between birth and age 6 years could be summarized into 4 major profiles, with either (1) early predominance and fast decrease to stable numbers, (2) gradual increase in the first year followed by a gradual decrease, or (3 and 4) a slow increase in the first 1 to 2 years, followed by stabilization.
Consistent with their early predominance, innate leukocyte kinetics were affected by maternal education level, which might already influence the fetus prenatally. Low maternal education level is strongly related to a less healthy lifestyle. 34 These observations suggest that maternal lifestyle is especially important for shaping of innate leukocyte populations, although the exact mediator remains to be determined.
The nonclassical and intermediate monocytes did not consistently cluster with the innate leukocyte subsets because of a later peak in numbers or a slower decrease. These altered kinetics could be the result of these being derived from classical monocytes and not directly from precursors in bone marrow. 35 Still, the various subsets of monocytes express distinct levels of proteins involved in HLA class II-dependent antigen presentation and CD40-CD40 ligand costimulation 35 and differ in parasite pattern recognition. [35] [36] [37] [38] Thus our data support the need to discriminate intermediate and nonclassical monocytes from the dominant population of classical monocytes in kinetics studies.
All naive B-and T-cell populations followed profile 2, with a gradual increase in the first 14 months followed by a more gradual decrease. After the first 1 to 2 years of life, B-lymphocyte production in bone marrow decreases, 39, 40 and the thymus starts to involute. 41 These processes are likely causes of the decrease we observed.
Bmem cell populations showed different patterns. Natural effector and CD27
2
IgA
1 Bmem cell kinetics were similar to those of naive B cells. Both Bmem cell populations are suggested to derive, at least in part, from germinal center-independent responses without T-cell help in the splenic marginal zone and the intestinal lamina propria. 33, 42, 43 The relatively fast increase numbers of these cells within the first 6 months of life contrasts with the kinetics of the other T cell-dependent, Bmem cell subsets. IgM-only, CD27
2 IgG
1
, and CD27 Bmem cells might represent the most mature Bmem cell population. In adults this subset shows a higher level of affinity maturation, a more extensive replication history, and more frequent development through consecutive class-switching than CD27 
IgG
1 B-cell numbers after 14 months of age. Together, the different clustering of the Bmem cell populations thereby follows their increasing functional maturity (see Fig E5, I) .
Several external determinants significantly affected the B-cell kinetics. First, we confirmed our previous observations regarding lower numbers of Bmem cells in breast-fed children. 20, 22 However, in the current analysis we could not reproduce the previously reported association between breast-feeding duration and germinal center-dependent Bmem cell numbers at 6 months of age. 22 The difference is likely due to our current analysis in which duration of breast-feeding was not included and the overall pattern between birth and 6 years of age was studied.
Numbers of IgA 1 Bmem cells were significantly increased in H pylori-positive children. The colonization of the gastric mucus by H pylori was found to correlate with an increase in total blood B-cell counts 45 on top of the local expansion of antibodysecreting IgA 1 cells, 46 which are important for protection against H pylori infection. 47 Our observed expansion of circulating IgA Table E3 , and details of each determinant are presented in Table  E2 . class, Classical monocytes; eos, eosinophils; inter, intermediate monocytes; n-class, nonclassical monocytes, neu, neutrophils; PROMM, Premature rupture of membranes; RTI, respiratory tract infection.
CD27
2 IgA 1 subsets. This would suggest that the presence of H pylori results in not only a local expansion of plasma cells but also a systemic expansion of Bmem cells in otherwise asymptomatic carriers. It remains to be determined whether this expansion is beneficial for the host as the bacterial protein CagA inhibits B-cell apoptosis and thereby increases the risk for mucosaassociated B-cell malignancies. 48, 49 Tmem cell subsets were found in clusters 2, 3, and 4. CD4
1 and CD8
1 T CM (cluster 2) express lymph node homing markers and are the presumed precursors of T EM cells. 24, 50, 51 The early peak in T CM numbers before those of T EM 
52,53
In line with previous observations in both children and elderly, 22, [54] [55] [56] [57] [58] both CD4 1 and CD8 1 Tmem cell dynamics were predominantly affected by CMV and/or EBV seropositivity. This concerned mostly late T EM cell numbers for CMV and early T EM cell subsets for EBV. 24, 59 HSV-1 seropositivity did not affect CD4
1 and CD8 1 T-cell populations 22, 58 but was associated with a loss of naive B cells. To our knowledge, this association has not been described before. EBV infection was associated with a reduction in Bmem cells, likely because of the selective EBV persistence in these cells. 60, 61 Our large-scale analysis allowed us to separate the herpesvirus-associated effects, with CMV and EBV being associated with Tmem cell expansions and HSV-1 and EBV being associated with a decrease in naive or Bmem cell numbers, respectively.
Sex had a widespread effect on 14 subsets within multiple leukocyte lineages. Interestingly, girls showed a skewing of humoral and early differentiated CD4
1 T-cell responses over cellular cytotoxic responses in contrast to boys. These effects might be associated with differences in sex hormone levels (testosterone, estradiol), which are already detectable during early infancy, as well as with genetic differences between female and male subjects. 62 These insights can be especially important for dissection of autoimmune diseases, which are much more prevalent in female than male subjects, although predisposition for allergic diseases seems to be opposite in infancy.
62,63
Methodological considerations
The strength of this study is its prospective longitudinal population-based design with more than 1000 children and the possibility to study 26 external determinants in 4 subgroups with adjustments for major confounders. The linear mixed-model approach enabled modeling of cross-sectional data, with further improvement of the accuracy by incorporating additionally available longitudinal follow-up data. Furthermore, we included only children with a 2-generation Dutch ancestry, which prevented interference of our analyses by strong ethnic and cultural influences. However, extrapolation of our findings to different ethnic and cultural populations might be limited and would require additional analysis of ethnically different population cohorts.
The inclusion of 62 leukocyte populations allowed for largescale analysis of the effect of external determinants on both total cell lineages and small subsets defined by extensive and detailed phenotypic definition. The overlap in some populations could have skewed the hierarchical clustering. However, our selection of 31 phenotypically nonoverlapping populations resulted in clusters with similar patterns, indicating the robustness of the 4 major patterns of leukocyte dynamics and the observed effects of external determinants.
Our study was primarily explorative, with a focus on the identification of determinants that affected leukocyte dynamics between birth and 6 years of age. Although we defined whether determinants had a positive or negative association with leukocyte numbers, we were unable to identify the exact nature of the effect (ie, exactly when these effects presented and whether these effects will be transient or persistent or potentially even increase over time). Consequently, more research into individual determinants will be needed to extend our observations by specifying these effects.
Finally, special consideration needs to be taken for serology of infectious agents that were measured at the age of 6 years. We cannot determine the exact timing of primary infections, and this can consequently be during the whole period preceding age 6 years. Still, most H pylori infections already occur in early childhood, and IgG seropositivity to herpesviruses only appears several weeks to 3 months after infection. Thus these determinants were present already during or before the sixth year of life.
Conclusions
With our unbiased approach, for the first time, we classified leukocyte populations according to their dynamics between birth and 6 years of age. Moreover, we identified nongenetic factors associated with the dynamics of cell lineages or specific leukocyte subsets and that underlie, at least in part, human immunologic diversity. These newly identified determinants can provide new targets for studies on the molecular processes that regulate leukocyte development and immune responses and that together underlie formation of long-lasting immunity without inducing destructive, excessive, or insufficient immune responses. 
Key messages
d Absolute numbers of leukocyte populations differ between subjects, but functionally related leukocyte populations follow similar age-related leukocyte dynamics between birth and 6 years of age.
d We identified nongenetic factors associated with the dynamics of innate leukocyte, B-cell, and CD4 1 and CD8 1 Tcell lineages (as well as specific leukocyte subsets) and that underlie, at least in part, human immunologic diversity.
METHODS
Study subjects
Included in our study are 1182 two-generation Dutch children. Peripheral blood was obtained from 220 children at birth, 376 children at age 5 to 9 months, 241 children at age 13 to 17 months, 257 children at age 22 to 30 months, and 916 children at age 61 to 95 months. Of 237 children, detailed immunophenotyping data were available at 3 or more follow-up time points, and of 90 children, detailed immunophenotyping data were available at 4 or more time points. The complete follow-up at 5 time points was available for 12 children.
Sample preparation
Approximately 4 mL of blood was collected in EDTA anticoagulant tubes by means of venous puncture. Blood was kept at room temperature and processed within 24 hours after sampling. Fifty microliters of full blood was mixed with BD Trucount beads (BD Biosciences) and stained for CD3, CD16, CD56, CD19, and CD45 in a diagnostic lyse-no-wash approach to obtain absolute cell counts. Subsequently, red blood cells were lysed by adding NH 4 Cl. Absolute numbers of leukocytes, NK cells, T cells, and B cells were obtained without a wash step on a BD FACSCalibur (BD Biosciences).
Two milliliters of full blood was subjected to bulk lysis of red blood cells by means of 10 minutes of incubation with NH 4 Cl. After wash steps, the remaining white blood cells were divided over 10 tubes for 6-color flow cytometric analyses with the antibodies listed in Table E1 . After 10 minutes of incubation at room temperature, cells were washed, and immunophenotypic measurements were performed on a 3-laser BD LSRII (BD Biosciences). The 488-nm laser was used to excite the fluorescein isothiocyanate (FITC) (530/30-nm filter), phycoerythrin (575/26 nm), peridinin-chlorophyll-protein complex (PerCP)-Cy5.5 (695/40 nm), and phycoerythrin-Cy7 (780/60nm) fluorophores and the 633-nm laser for allophycocyanin (APC) (660/20 nm) and APC-Cy7 (780/60 nm). PMT voltages were set by using 8-peak rainbow beads based on target values for the seventh peak, as established within the EuroFlow consortium.
E1 Absolute cells per microliter of blood of leukocyte subpopulations were recalculated by using the total leukocyte, NK cell, T-cell, and B-cell numbers obtained from the Trucount analysis.
Statistical modeling
Our data set included 62 leukocyte populations and 26 determinants for 1182 children with a total of 2010 data points for each leukocyte population (defined as population ''i'').
Linear mixed-effects modeling of leukocyte kinetics.
For each leukocyte population ''i'' in our data set, the following 4 linear mixed effect models were tested: where ns(Age,.) defines the natural spline of the age of the children, with indicated knots and (1jId) defines the child's ID number as a random effect in the model, to include longitudinal measurements.
The optimal model was selected by using the likelihood ratio test: Univariate analyses of the effect of nongenetic determinants on leukocyte kinetics. Each determinant ''j'' in our data set was included independently as a fixed effect to the optimal linear mixed effect model of individual leukocyte populations (below an example for a leukocyte population modeled by model Determinants with an effect of a P value of less than .0125 were defined as significant.
Multivariable analyses of the effect of nongenetic determinants on leukocyte kinetics. All determinants with a significant univariate effect on a leukocyte population (< _3 determinants per leukocyte population) were combined and included as fixed effects to the optimal linear mixed-effects model of individual leukocyte populations to correct for confounding effects. See below for an example of a leukocyte population modeled by using model lmR_3knots: lmer(dataset[,i] ; ns(Age,4, knots 5 c(6,14,24))1significant determinant 11 significant determinant 21 etc 1(1jId),REML5FALSE,data5dataset).
Determinants with an effect of a P value of less than .05 were defined as significant after multivariable correction.
Define whether a determinant has an age-associated effect on a leukocyte population. For determinants that still affected leukocyte kinetics after multivariable correction, we subsequently defined whether this effect was significantly stronger within a selective age period (either between the age of 0 months and knot1, knot1 and knot2, knot2 and knot3, or knot3 and 76 months). To test this, the models for multivariable analyses were adjusted, testing individual determinants in relation to the age in the children: eg, Test the age-associated effect of determinant 1: lmer(dataset[,i] ; ns(Age,4, knots 5 c(6,14,24))* significant determinant 1 1 significant determinant 21 etc 1(1jId),REML5FALSE,data5dataset).
where ''*'' indicates a test of the natural spline of the age of the children in relation to determinant 1. The other determinants significantly affecting this leukocyte population were still included as fixed effects to correct for potential confounding effects. Fig E1, B) ; CD15 1 , neutrophilic, and eosinophilic granulocytes ( Fig E1, C) ; and classical, intermediate, and nonclassical monocyte subsets (Fig E1, D) from birth until 6 years of age. Linear mixed-effects models were generated for each population (solid black line) and represented with the 90% CI of the model (dashed black lines). For clarity of the graphs, gray lines connect only consecutive time points within 1 subject (ie, 0-6 months, 6-14 months, 14-25 months, or 25-76 months). (Fig E2, B) , TCRab 1 T-cell populations (Fig E2, C) , and TCRgd 1 T-cell populations (Fig E2, D) from birth until 6 years of age. Linear mixed-effects models were generated for each population (solid black line) and represented with the 90% CI of the model (dashed black lines). For clarity of the graphs, gray lines connect only consecutive time points within 1 subject (ie, 0-6 months, 6-14 months, 14-25 months, or 25-76 months).
FIG E3. Dynamics of CD4
1 T-cell subsets in children between birth and 6 years of age. A, Gating strategy used to identify CD4 1 T-cell subsets. Plots depict data of a representative 61-to 95-month-old child. B-E, Absolute numbers and modeled dynamics of total, naive, and memory CD4 1 T cells ( Fig E3, B) ; CD4 1 T CM , CD45RO 1 effector memory (T EMRO ) and CD45RO 2 effector memory (T EMRA ) T-cell subsets ( Fig E3, C) ; early, intermediate, or late differentiated T EMRO subsets ( Fig E3, D) ; or early, intermediate, or late differentiated T EMRA subsets (Fig E3, E) between birth and 6 years of age. Linear mixed-effects models were generated for each population (solid black line) and represented with the 90% CI of the model (dashed black lines).
For clarity of the graphs, gray lines connect only consecutive time points within 1 subject (ie, 0-6 months, 6-14 months, 14-25 months, or 25-76 months).
FIG E4. Dynamics of CD8
1 T-cell subsets in children between birth and 6 years of age. A, Gating strategy used to identify CD8 1 T-cell subsets. Plots depict data of a representative 61-to 95-month-old child. B-E, Absolute numbers and modeled dynamics of total, naive, and memory CD8 1 T cells ( Fig E4, B) ; CD8 1 T CM , CD45RO 1 effector memory (T EMRO ), and CD45RO 2 effector memory (T EMRA ) T-cell subsets ( Fig E4, C) ; early, intermediate, or late differentiated T EMRO subsets ( Fig E4, D) ; or early, intermediate, or late differentiated T EMRA subsets (Fig E4, E) between birth and 6 years of age. Linear mixed-effects models were generated for each population (solid black line) and represented with the 90% CI of the model (dashed black lines). For clarity of the graphs, gray lines connect only consecutive time points within 1 subject (ie, 0-6 months, 6-14 months, 14-25 months, or 25-76 months).
FIG E5.
Dynamics of B-cell subsets in children between birth and 6 years of age. A, Gating strategy used to identify B-cell subsets. Plots depict data of a representative 61-to 95 month-old child. SSC, Side scatter. B-H, Absolute numbers and modeled dynamics of total B cells ( Fig E5, B) ; naive and total Bmem cells ( Fig E5, C) ; total Igk 1 and Igl 1 B-cell populations ( Fig E5, D) ; CD21 low B cells ( Fig E5, E) ; CD27 2 and CD27 1 Bmem cells ( Fig E5, F) ; total IgM 1 , IgA 1 , or IgG 1 Bmem cells ( Fig E5, G) ; IgM
1
, IgA 1 , or IgG 1 Bmem cell subsets (Fig E5,   H ) between birth and 6 years of age. Linear mixed-effects models were generated for each population (solid black line) and represented with the 90% CI of the model (dashed black lines). For clarity of the graphs, gray lines connect only consecutive time points within 1 subject (ie, 0-6 months, 6-14 months, 14-25 months, or 25-76 months). I, Overlay of the normalized (zero mean; unit SD) linear mixed-effects models of the Bmem cell populations as in Fig E5, H. 
FIG E6. Hierarchical clustering of the dynamics of 31 nonoverlapping leukocyte subsets in early childhood.
A, Ward hierarchical clustering was performed as in Fig 2, including only the 31 nonoverlapping leukocyte subsets. Indicated in gray squares in front of the heat map is the cluster to which each population was assigned in the analysis of the total 62 leukocyte subsets in Fig 2. B, Average patterns 6 1 SD of the subsets in each of the 4 major clusters. Indicated in black squares are 3 subsets that were assigned to different clusters than in Fig 2 . 1  Antibody  CD3  CD161CD56  CD45  CD4  CD19  CD8  Clone  SK7  B73.11C5.9  2D1  SK3  SJ25C1  SK1  Manufacturer  BD  BD1Dako  BD  BD  BD  BD  2  Antibody  CD15  -CD45  CD16  -CD14  Clone  MMA  -2D1  3G8  -MO-P9  Manufacturer  BD  -BD  BD  -BD  3 Antibody NS, Not significant. *P < .05. **P < .01. ***P < .001. ****P < .0001.
